New methano [1, 5] dioxocines, O-heterocycles with a framework similar to Tröger's base, were prepared by means of a three-component reaction. The scope of this domino reaction was studied.
Introduction
Tröger's base, which was first prepared by Julius Tröger more than a century ago [1] , is a molecule with a fascinating structure [2] , for which some decades later Spielman was able to establish its bridged methano [1, 5] diazocine pattern [3] . The chirality of the chiral heterocyclic amine with C 2 symmetry is due to the presence of two stereogenic nitrogen atoms. Tröger's base Since the discovery of Tröger's base numerous structural analogs with a central [1, 5] diazocine skeleton were synthesized [3, 4] . Both the chirality and the rigid concave structure of the methano [1, 5] diazocine skeleton are the reasons why Tröger's base und derivatives thereof have found interest in the design of receptors for the molecular recognition of neutral molecules [5] , as chiral solvating agents [6] , and in the field of asymmetric synthesis [7] .
The 2,6-methano [1, 5] dioxocine skeleton Oxo analogs like the 2,6-methano [1, 5] dioxocine belong to the same symmetry group as the [1, 5] diazocines. One method for the preparation of this unusual skeleton is based on the acid-catalyzed reaction of salicylaldehydes with either o-vinylphenols or 0932-0776 / 08 / 0700-0871 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com o-coumaric acids [8] . Another approach relies on the conversion of suitably substituted flavylium salts [9] . And finally, using the Moreno-Mañas method, methano [1, 5] dioxocines can be made accessible by reacting two equivalents of a cyclic 1,3-dicarbonyl compound with one equivalent of an acyclic 1,3-diketone. The synthesis of 3,6,9,12-tetramethyl-1H,6H,7H,12H-6, 12-methanodipyrano [4,3- [10] and 7,15-dimethyl-7,15-methano-6H,7H, 14H,15H- [1, 5] dioxocino [3,2-c:7,6 -c ]bis [1] benzopyran-6,14-dione (5a) [11] could be achieved by reaction of 4-hydroxy-6-methyl-2H-pyran-2-one (1a) and 4-hydroxy-2H-chromen-2-one (4a), respectively, with 2,4-pentanedione (2a). A common feature of all the methods published so far is that only little is known concerning their scope and limitations. In the context of our studies on domino reactions of 4-hydroxy-2H-pyran-2-ones and related compounds [12] we were encouraged by Moreno-Mañas's elegant approach to methano [1, 5] dioxocines to study the scope of this domino reaction and to optimize the reaction conditions. Here we present our studies on the reaction of 4-hydroxy-6-methyl-2H-pyran-2-one (1a), 4-hydroxy-2H-chromen-2-one (4a) and related compounds with several 1,3-diketones to give new compounds with a 2,6-methano [1, 5] dioxocine skeleton (Scheme 1).
Results and Discussion
Based on our experience with domino reactions of 4-hydroxy-2H-pyran-2-ones and related compounds we set out to study the influence of the reaction conditions on the reaction between 4-hydroxy-6-methyl-2H-pyran-2-one (1a) and 2,4-pentanedione (2a) (Table 1). When 2 equivs. of 1a and 1 equiv. of 2a were reacted in the presence of catalytic amounts of pyridine in solvents like ethanol, iso-propanol and THF at 110 • C in a sealed tube, only the decomposition of 1a was observed. In 1-nitropropane and 1,1,2-trichloroethane as a solvent, however, the product 3a was formed with yields of 20 and 23 %, respectively (Table 1, entries 1 and 2). In 1,1,2-trichloroethane, the yield of 3a could be further enhanced to 38 and 53 %, respectively, by increasing the amount of 2a (Table 1 , entries 3 and 4). The best results were obtained with toluene as a solvent. So the methano [1, 5] dioxocine 3a was isolated in 77 % yield when 1 equiv. of 4-hydroxy-6-methyl-2H-pyran-2-one (1a) and 2 equivs. of 2,4-pentanedione (2a) were reacted with catalytic amounts of pyridine in toluene as a solvent at 110 • C (Table 1, entry 5 and Table 2 , entry 1). Upon the reaction of 4-hydroxy-2H-chromen-2-one (4a) and 2a under the reaction conditions developed in our laboratory the benzopyrano annulated methano [1, 5] dioxocine 5a was Scheme 2. formed with even higher yields (80 %) ( Table 2 , entry 4). The influence of toluene as a solvent is remarkable as the products are formed with considerably lower yields when the transformations are performed without any solvent [10, 11] . For example, MorenoMañas et al. achieved the synthesis of 3a in 62 % yield upon reaction of 1a with a large excess (> 8 equivs.) of 2a in the presence of catalytic amounts of pyridine [10] . Under similar conditions Talapatra et al. obtained 5a in 68 % yield [11] . Experiments to run the three-component reaction of 1a and 2a under microwave conditions failed as decomposition was observed at temperatures exceeding 130
• C. This is why we focussed on the scope of the domino reaction. We found that 4-hydroxy-6-methyl-2H-pyran-2-one (1a) as well as 4-hydroxy-2H-chromen-2-one (4a) react with 3-methyl-2,4-pentanedione (2b) and 3,5-heptanedione (2c) to give the expected heterocycles 3b, c and 5b, c ( Table 2 ). The pyran derivatives 3b and 3c were isolated with yields of 16 and 11 %, respectively ( Table 2 , entries 2 and 3), and the corresponding benzopyran derivatives 5b and 5c were obtained in 31 and 51 % yield, respectively (Table 2, entries 5 and 6). These results indicate that a) the yields of the transformations with 4a were higher than those with 1a and b) the yields of the reactions with 2b and 2c were generally lower than those of the transformations of 1a and 4a with 2,4-pentanedione (2a).
Apart from the lower reactivity of 2b and 2c, the yields of 3b, c and 5b, c are considerably diminished through losses upon purification of the products by means of column chromatography. In contrast, 3a and 5a crystallized from the corresponding reaction mixture in high purity.
We then tried to react 4-hydroxy-2H-pyran-2-one 1a with additional 1,3-diketones in terms of the multicomponent reaction presented here. While dibenzoylmethane (2d) did not react with 1a at all, the reaction of 1a with 1,1,1,5,5,5,-hexafluoro-2,4-pentanedione (2e) afforded a product that could not be isolated in pure form.
Finally, our focus was on the variation of the reaction partners of 1,3-diketones. The reaction of 4-hydroxy-7-methoxy-2H-chromen-2-one (4b) with 2,4-pentanedione (2a) was successful, and the expected methano [1, 5] dioxocine 5d was isolated in 20 % yield (Scheme 2). Using our protocol we were not able, though, to react 4-hydroxy-6-phenyl-2H-pyran-2-one (1b), 1,3,5-trihydroxybenzene (6), 2,4-dihydroxypyridine (7), 4,6-dihydroxypyrimidine (8) or 2,4-dihydroxyquinoline (9) with 2a.
Conclusion
In summary, the reactions of 4-hydroxy-6-methyl-2H-pyran-2-one (1a), 4-hydroxy-2H-chromen-2-one (4a) as well as several other cyclic 1,3-dicarbonyls with a number of acyclic 1,3-diketones 2 under basic conditions have been found to yield a number of new methano [1, 5] dioxocines. Although a number of methano [1, 5] dioxocines could be made accessible in good yields by developing suitable reaction conditions, the scope of this unusual domino reaction seems to be rather narrow.
Experimental Section

General
Commercial reagents were used without further purification. All solvents were distilled prior to use. Compounds 3a and 5a crystallized from the reaction mixture in high purity when 1a and 4a, respectively, were reacted with 2a. The crystals were filtered, washed with Et 2 O and dried.
(6RS,12RS)-3,6,9,12-Tetramethyl-1H,6H,7H,12H-6,12-methanodipyrano[4,3-b:4,3-f][1,5]dioxocin-1,7-dione (3a)
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